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,QWURGXFWLRQ
$OWHUQDWLYH HQHUJHWLFV LV D SURPLVLQJ ILHOG IRU DSSOLFDWLRQV RI ELRWHFKQRORJ\ 7KH GHYHORSPHQW RI LQGXVWULDO
PHWKRGVRISURGXFWLRQRIELRIXHOVKDVEHHQJDLQLQJDWWHQWLRQ LQUHFHQW\HDUV ,QSDUWLFXODURQHRI WKHSHUVSHFWLYH
PHWKRGVRISURGXFLQJDFHWRQHEXWDQROHWKDQRO$%(LVDFXOWLYDWLRQRIClostridium beijerinckiiXVLQJGLIIHUHQWJURZWK
PHGLXPV>@$QXPEHURIRUJDQLVPVLVDYDLODEOHIRUWKLVELRFRQYHUVLRQVXFKDVClostridium beijerinckii 3
Clostridium beijerinckii %$ Clostridium acetobutylicum DQG Clostridium saccharobutylicum 3 7KHVH
FXOWXUHVFDQXWLOL]HERWKKH[RVHDQGSHQWRVHVXJDUVGHULYHGIURPOLJQRFHOOXORVLFK\GURO\VDWHVVXFKDVFRUQ¿EHUZKHDW
VWUDZEDUOH\VWUDZPDL]HVWRYHUDQGVZLWFKJUDVV6XEVWUDWHVVXFKDV-HUXVDOHPDUWLFKRNHPDL]HU\HPLOOHWPRODVVHV
SRWDWRFDQEHXVHGE\WKHFXOWXUHVOLVWHGWRR>@$WWKHVDPHWLPHZLWKWKHSURVSHFWVRIWKHXVHRIUDZPDWHULDOVRI
SODQWRULJLQIRUELRIXHOSURGXFWLRQLWLVDOVRLPSRUWDQWWRLQFUHDVHWKHLU\LHOG>@
7KHSURFHVVLQJRIUDZPDWHULDOVRISODQWRULJLQUHTXLUHVWKHXVHRIHQYLURQPHQWDOO\IULHQGO\PHWKRGVUHODWHGWR
FRVWHIIHFWLYHXVDJHRIUHVRXUFHVQDPHO\XWLOL]DWLRQRIVXFKZDVWHVRILQGXVWULDOIRRGSURFHVVLQJDVPRODVVHVPLON
ZKH\DQGRWKHUV7KHDOWHUQDWLYHUDZPDWHULDOVPD\EHPDVKSRWDWRVWDUFKDQGSURGXFWVSURGXFHGIURPQRQWUDGLWLRQDO
FURSV>@,QSDUWLFXODULQ5XVVLDDWWKH8QLYHUVLW\RI&KHPLFDO7HFKQRORJ\QDPHGDIWHU'0HQGHOH\HYWKHTXDOLW\
RIE\SURGXFWVRISURGXFWLRQRIFRQFHQWUDWHGSURWHLQSURGXFWVZDVHYDOXDWHGDVZHOODVDQH[SHULPHQWDOYDOLGDWLRQRI
WKH SRVVLELOLW\ RIXVDJHRIZDVWHV RI VR\SURWHLQSURGXFWLRQ LQ IHHG VXSSOHPHQWVZDVPDGH >@2WKHUSURPLVLQJ
UHVRXUFHVRISODQWRULJLQWKDWFDQEHXVHGWRSURGXFHELRIXHOVDUHELUFKZRRGDQGDOJDH>@
'LIIHUHQWVSHFLHVRIOXSLQVHHGVKDYHEHHQJDLQLQJSRSXODULW\LQIRRGWHFKQRORJ\DVDUDZPDWHULDOIRUH[WUDFWLRQ
RISURWHLQDQGOLSLGIUDFWLRQV/XSLQSURWHLQSUHSDUDWLRQVKDYHEHHQXVHGLQPHDWDQGEDNHU\LQGXVWULHV>±@DQGLQ
WKHSURGXFWLRQRIGDLU\DQDORJXHV>@/XSLQVHHGVRIFHUWDLQVSHFLHVKDYHEHHQXVHGIRUVROYHQWH[WUDFWLRQRIRLOE\
PHDQVRIGLIIHUHQWVROYHQWV>@/XSLQSURWHLQLVRODWHVSUHSDUDWLRQVZHUHREWDLQHGIURPQDUURZOHDIOXSLQVHHGV>
@
7KLVZRUNLVIRFXVHGRQWKHGHYHORSPHQWRIDSHUVSHFWLYHPHWKRGRIXVLQJIRRGLQGXVWU\ZDVWHVZLWKDKLJKFRQWHQW
RIVWUXFWXUDOSRO\VDFFKDULGHVIRUPRWRUIXHOSURGXFWLRQ7KHPHWKRGGHDOVZLWKXWLOL]DWLRQRIDE\SURGXFWRIOXSLQ
SURWHLQLVRODWH/3,SURGXFWLRQVXFKDVGHSURWHLQL]HGOXSLQPHDOUHVLGXH'/057KHELRDFFHVVLELOLW\RI'/05
FDQEHLQFUHDVHGWKURXJKDFKDLQRIVHTXHQWLDOSURFHVVHVLQYROYLQJDFLGWUHDWPHQWDQGELRGHJUDGDWLRQZLWKDVSHFLDOO\
VHOHFWHGPXOWLHQ]\PHFRPSRVLWLRQ
(Q]\PH FRPSRVLWLRQV ZLWK GLIIHUHQW VXEVWUDWH VSHFLILFLW\ DUH RIWHQ DSSOLHG LQ LQGXVWULDO ELRWHFKQRORJ\ )RU
LQVWDQFHWRLQFUHDVHWKHELRDFFHVVLELOLW\RIIHHGVGLIIHUHQWFRPSRVLWLRQVEDVHGRQFHOOXODVH[\ODQDVHPDQQDVHDQG
RWKHUHQ]\PHVKDYHEHHQGHYHORSHG>@,QWKHEHHUPDQXIDFWXULQJSURFHVVDYDULHW\RIFRPSRVLWLRQVRIDP\ODVH
DQGFHOOXORVHDUHZLGHO\XVHGDWWKHPDVKSUHSDUDWLRQVWDJH>@
7KHREMHFWLYHRIWKLVVWXG\ZDVWRGHYHORSDZDVWHIUHHWHFKQRORJ\RISURGXFWLRQRIOXSLQSURWHLQLVRODWHLQYROYLQJ
PHFKDQLFDO DQG HQ]\PDWLF GHJUDGDWLRQ RI VROLG ZDVWH PDWHULDOV ZLWK IRUPDWLRQ RI WKH JURZWK PHGLXP DQG LWV
VXEVHTXHQWIHUPHQWDWLRQE\Clostridium beijerinckii

1RPHQFODWXUH
$%( DFHWRQHEXWDQROHWKDQRO
'/05 GHSURWHLQL]HGOXSLQPHDOUHVLGXH
/3, OXSLQSURWHLQLVRODWH
8+7 XOWUDKHDWWUHDWPHQW
+3/& KLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSK\
PIE PRLVWXUHIUHHEDVLV
 
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0DWHULDODQGPHWKRGV
2.1. Materials 
/XSLQIORXUIURPGHKXOOHGVHHGVRILupinus angustifolius FUXGHSURWHLQ±RQPRLVWXUHIUHHEDVLVPIE
FUXGHIDW±RQPIEFUXGHILEHU±RQPIEZDVREWDLQHGIURP$OO5XVVLDQ6FLHQWLILF5HVHDUFK,QVWLWXWH
RI/XSLQ%U\DQVNClostridium beijerinckii ZDV XVHG IRU ELRHWKDQRO SURGXFWLRQ WHVWV REWDLQHG IURP$OO5XVVLDQ
,QVWLWXWHRI$JULFXOWXUDO%LRWHFKQRORJ\)LYHHQ]\PHSUHSDUDWLRQVZHUHXVHGVHH7DEOH
7DEOH(Q]\PHVSUHSDUDWLRQV
(Q]\PH
SUHSDUDWLRQ &KDUDFWHULVWLFV (Q]\PHDFWLYLW\ 0DQXIDFWXUHU
&HOOXFODVW%*
FDUERO\WLFHQ]\PHSUHSDUDWLRQSURGXFHGE\
VXEPHUJHGIHUPHQWDWLRQRIWKHVHOHFWHG
VWUDLQRIIXQJXVTrichoderma reesei
HQGRJOXFDQDVHXQLWVJUDP 1RYR]\PHV'HQPDUN
3HQWRSDQ
0RQR%*
[\ODQDVHSUHSDUDWLRQIURPIXQJL
Aspergillus oryzae IXQJDO[\ODQDVHXQLWVJUDP
 1RYR]\PHV'HQPDUN
$P\ORVXEWLOLQ DP\ODVHSUHSDUDWLRQIURPBacillus subtilis IXQJDODP\ODVHXQLWVJUDP 6LEELRIDUP5XVVLD
&HOOROX[)
F\WRO\WLFFRPSOH[HQ]\PHSUHSDUDWLRQ
SURGXFHGE\VXEPHUJHGFXOWLYDWLRQRI
IXQJXVTrichoderma viride
ɫHOOXODVHXQLWVJUDPIXQJDO[\ODQDVH
XQLWVJUDPHQGRJOXFDQDVHXQLWVJUDP 6LEELRIDUP5XVVLD
&HOOROX[$ F\WRO\WLFFRPSOH[HQ]\PHSUHSDUDWLRQRIIXQJLRULJLQ
ɫHOOXODVHXQLWVJUDPIXQJDO[\ODQDVH
XQLWVJUDPHQGRJOXFDQDVHXQLWVJUDP 6LEELRIDUP5XVVLD
2.2. Production of lupin protein isolate 
7KHSURFHVVRISURGXFWLRQRIOXSLQSURWHLQLVRODWHZDVEDVHGRQDVHSDUDWLRQRISURWHLQVXEVWDQFHVIURPRWKHUVHHG
FRPSRQHQWVVLPLODUWRDWUDGLWLRQDOLQGXVWULDOWHFKQRORJ\RISURGXFWLRQRIVR\SURWHLQLVRODWHVIURPVR\EHDQPHDO>@
*ULQGHGOXSLQVHHGVOXSLQPHDODQGOXSLQIORXUFRXOGEHXVHGDVDUDZPDWHULDOIRULVRODWLRQRIOXSLQSURWHLQV
$W WKH ILUVW VWDJH WKH DONDOLQH H[WUDFWLRQ LV XVHG IRU LVRODWLRQRI VROXEOHSURWHLQV DQGQLWURJHQIUHH H[WUDFWDEOH
FRPSRXQGVVXFKDVVROXEOHFDUERK\GUDWHVRUJDQLFDFLGVYLWDPLQVHWF7KHQWKHOLTXLGSKDVHLVVHSDUDWHGIURPWKH
LQVROXEOHUHVLGXHKHUHLQDIWHU'/057KHUHVLGXHFRXOGEHZDVKHGDGGLWLRQDOO\E\ZDWHUQGVWDJHH[WUDFWLRQWR
UHPRYHUHVLGXDOTXDQWLWLHVRIVROXEOHFRPSRXQGVVHH)LJ
$W WKH VHFRQG VWDJH SURWHLQV DUH UHFRYHUHG IURP WKH OLTXLG SKDVH E\ SUHFLSLWDWLRQ )RU WKLV SXUSRVH DFLGLF
SUHFLSLWDWLRQDWWKHSURWHLQLVRHOHFWULFSRLQWLVXVHGDQGWKHQWKHVHULHVRIVHSDUDWLRQVRIVROLGDQGOLTXLGSKDVHVDQG
ZDVKLQJVWDJHVDUHSHUIRUPHG$IWHUSURWHLQSUHFLSLWDWLRQ OXSLQZKH\ LVVHSDUDWHG LWFRQWDLQVSURWHLQIUHHVROXEOH
FRPSRXQGVPDLQO\VROXEOHFDUERK\GUDWHV7KHQWKHUHDUHVWDJHVRIQHXWUDOL]DWLRQSDVWHXUL]DWLRQDQGVSUD\GU\LQJRI
SURWHLQLVRODWH

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
)LJ)ORZGLDJUDPRISURGXFWLRQRIOXSLQSURWHLQLVRODWH
2.3. Obtaining ofDLMR 
7KHDONDOLQHH[WUDFWLRQRIOXSLQIORXUZDVFDUULHGRXWDWK\GURPRGXOHRIS+ZDVDGMXVWHGWRS+E\DGGLQJ
RI1D2+VROXWLRQ7KHSURFHVVZDVFDUULHGRXWLQDWKHUPRVWDWLFYHVVHOZLWKDPDJQHWLFVWLUUHUIRUPLQDW
WHPSHUDWXUHRI&7KHQWKHOLTXLGSKDVHZDVVHSDUDWHGDQGWKHVROLGUHVLGXHZDVZDVKHGZLWKIUHVKZDWHUDWUDWLR
IRUPLQ7KHPHFKDQLFDOVHSDUDWLRQRISKDVHVZDVSHUIRUPHGERWKWLPHVE\FHQWULIXJDWLRQDWuJIRU
PLQ7KHILQDOVROLGUHVLGXHREWDLQHGDIWHUWKHQGFHQWULIXJDWLRQZDVQDPHGDV'/057RWDOFRQWHQWRIFDUERK\GUDWHV
FUXGHSURWHLQFRQWHQWFUXGHILEHUDQGFUXGHIDWRI'/05ZHUHDQDO\]HG
2.4. Pretreatment of DLMR and fermentation with C. Beijerinckii 
'/05ZDVVXEMHFWHGWRFRQVHFXWLYHDFLGDQGHQ]\PDWLFK\GURO\VLVSULRUIHUPHQWDWLRQZLWKC. Beijerinckii. 
'/05ZDVPL[HGZLWKZDWHUDWUDWLRDWFRQVWDQWDJLWDWLRQDFLGLILHGZLWKK\GURFKORULFDFLGWRS+
DQGWKHQVXEMHFWHGWRKHDWWUHDWPHQWDWWHPSHUDWXUH&LQDKLJKSUHVVXUHVWHDPVWHULOL]HUIRUPLQ3ULQFLSOH
SURFHVVGLDJUDPLVSUHVHQWHGLQ)LJ7KHUHVXOWHGVXVSHQVLRQZDVFRROHGWRURRPWHPSHUDWXUHDQGWUDQVIHUUHGLQWR
DVWHULOHIHUPHQWHU%LR)OR1HZ%UXQVZLFN(SSHQGRUI
 

)LJ3ULQFLSOHSURFHVVGLDJUDPRISURGXFWLRQRIELREXWDQRORU$%(IURPGHSURWHLQL]HGOXSLQPHDOUHVLGXHLQWKHLQWHJUDWHGV\VWHP
7KHS+OHYHORI WKHPL[WXUHZDVDGMXVWHGWRZLWK01D2+VROXWLRQPORI\HDVWH[WUDFWSHU ODQG
YLWDPLQVPLQHUDOVDQGEXIIHUZHUHDGGHG7RFUHDWHDQDHURELFFRQGLWLRQVR[\JHQIUHH1JDVZDVDGGHGDQGDJLWDWHG
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DWUSP>@7RLQFUHDVHWKHELRDYDLODELOLW\RIVXEVWUDWHVXEVWDQFHV WKHVXVSHQVLRQZDVVXEMHFWHGWRHQ]\PDWLF
WUHDWPHQWXVLQJHQ]\PHFRPSOH[FRPSULVHGRIHQ]\PHSUHSDUDWLRQV&HOOXFODVW XQLWVJUDP3HQWRSDQ
0RQRXQLWVJUDP$PLORVXEOLOLQXQLWVJUDPDWWHPSHUDWXUH&IRUPLQ>@,Q WKH
FRXUVHRIWKHH[SHULPHQWVGRVHVRIPXOWLHQ]\PHFRPSRVLWLRQDQGFRPSOH[F\WRO\WLFV\VWHPVUDQJHGIURP
WRRIVXEVWUDWHZHLJKW$IWHUHQ]\PDWLFWUHDWPHQWDJLWDWLRQDQG1VSDUJLQJZHUHVWRSSHG$WWKHQH[WVWDJH
DFWLYDWHGFXOWXUHRIC. Beijerinckii P/ZDVDGGHG)HUPHQWDWLRQZDVFDUULHGRXWDW&ZKLFKZDVDFKLHYHG
E\PHDQVRIZDWHUFLUFXODWLRQ$%(YDSRUVZHUHFRQGHQVHGDQGFROOHFWHGLQDUHFHLYHU
2.6. Measurements  
0RLVWXUHFRQWHQWRI'/05ZDVGHWHUPLQHGE\WKHJUDYLPHWULFPHWKRG>@&UXGHSURWHLQFRQWHQWZDVDQDO\]HG
E\.MHOGDKOPHWKRGDWWKHDXWRPDWHGDQDO\]HU.MHOWHF$XWR6ZHGHQDFFRUGLQJWRWKHVWDQGDUGSURWRFRORIWKH
PDQXIDFWXUHU7KHFRQYHUVLRQIDFWRUXVHGWRHVWLPDWHSURWHLQFRQWHQWZDV1[7KHFUXGHIDWZDVGHWHUPLQHGE\
6R[KOHWPHWKRGDWDXWRPDWHGDQDO\]HU6(59(/36FLHQWLILFD,WDO\DFFRUGLQJWRWKHVWDQGDUGSURWRFRORIWKH
PDQXIDFWXUHU7KHFHUDPLFILEHUILOWHUPHWKRGZDVXVHGWRGHWHUPLQHWKHFUXGHILEHU>@$QDO\VLVRIWKHWRWDOFRQWHQW
RIZDWHUVROXEOHFDUERK\GUDWHVZDVFRQGXFWHGE\%HUWUDQGPHWKRG>@&KDQJHVLQS+ZHUHPHDVXUHGZLWK2ULRQ
$S+PHWHU5XVVLD)RUWKHSUHSDUDWLRQRIWKHQXWULHQWPHGLXPWKHVWHDPVWHULOL]HU878/$%ZDVXVHG
&RPSRQHQWDQDO\VLVRIPRQRDQGGLVDFFKDULGHVZDVFRQGXFWHGRQ+3/&DQDO\]HUµ6WD\HU¶$NYLORQ5XVVLDZLWK
UHIUDFWRPHWULFGHWHFWRU7KHVHSDUDWLRQZDVREWDLQHGXVLQJDPRELOHSKDVHFRQVLVWLQJRIDFHWRQLWULOHDQGZDWHULQUDWLR
RIXVLQJ WKH FROXPQ µ/XQD1+¶ 3KHQRPHQH[86$$%(SURGXFWLYLW\ZDV FDOFXODWHG DV WRWDO$%(
SUHVHQWLQWKHUHDFWRUSOXVFRQGHQVHGLQJ/>@
2.6. Statistical evaluation of the data 
$OOH[SHULPHQWVZHUHSHUIRUPHGZLWKDW OHDVW WKUHHUHSOLFDWHVGDWDZDVSURFHVVHGE\PHWKRGVRIPDWKHPDWLFDO
VWDWLVWLFV DW WKHRUHWLFDO IUHTXHQF\  6WDWLVWLFDO SURFHVVLQJ RI GDWD ZDV FDUULHG RXW XVLQJ FRPSXWHU SURJUDPV
0LFURVRIW2IILFH([FHODQG0DWKFDG
5HVXOWVDQGGLVFXVVLRQ
3.1. Characteristics of '/05 
7KHVWXG\VKRZHGWKDWWKHFRQWHQWRIPDLQQXWULHQWVLQWKHPHDOUHVLGXHZDVLQIOXHQFHGE\WKHHIILFDF\RIWKHDONDOL
H[WUDFWLRQRISURWHLQVDQGVROXEOHFRPSRXQGVDQGE\ZDVKLQJVWDJHV7DEOH7KHUHVLGXHLVDSDVWHOLNHSURGXFW
ZLWKDKLJKPRLVWXUHOHYHOKLJKHUWKDQXQVWDEOHGXULQJVWRUDJH
)RU FRPSDULVRQ DGHSURWHLQL]HG VR\PHDO UHVLGXHSURGXFHG DIWHU LVRODWLRQRI VR\SURWHLQV IURPVR\EHDQPHDO
ZKLWHIODNHVZDVDOVRDQDO\]HG+RZHYHUWKHFRPSRVLWLRQRIWKHVR\E\SURGXFWLVGLIIHUHQWWRVRPHH[WHQWIURPWKH
OXSLQUHVLGXH
7DEOH&KHPLFDOFRPSRVLWLRQRI'/05
7\SHRIZDVWH 0RLVWXUH
&UXGHDVK
PIE
&UXGHILEHU
PIE
&UXGHSURWHLQ
PIE
&UXGHIDW
PIE
2WKHUFDUERK\GUDWHV
E\GLIIHUHQFH
'/05DIWHUDONDOLH[WUDFWLRQ      
'/05DIWHUZDWHUZDVKLQJ      
GHSURWHLQL]HGVR\EHHQPHDO
UHVLGXHDIWHUDONDOLH[WUDFWLRQ      
GHSURWHLQL]HGVR\EHHQPHDO
UHVLGXHDIWHUZDWHUZDVKLQJ      

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'/05LVFRPSRVHGPDLQO\IURPLQVROXEOHFDUERK\GUDWHVFUXGHILEHUDQGRWKHUQRQVWDUFKSRO\VDFFKDULGHVFUXGH
SURWHLQV DVK DQG UHVLGXDO RLO ,W¶V NQRZQ WKDW XQGHKXOOHG OXSLQ VHHGV KDYH D KLJKHU OHYHO RI WRWDO LQVROXEOH
SRO\VDFFKDULGHVYHUVXVVR\EHDQPHDODQGLWFDQQRWEHXVHGLQFKLFNVGLHWVDQGVKRXOGEHVXEMHFWHGWRHQ]\PHWUHDWPHQW
>@7KHFRPSRVLWLRQRIFDUERK\GUDWHIUDFWLRQRIOXSLQUDZPDWHULDOLVYHU\SURPLVLQJIRUREWDLQLQJIHUPHQWHGVXJDUV
EHWWHUWKDQIURPVR\UDZPDWHULDO$VNQRZQLQVROXEOHFDUERK\GUDWHVRIOXSLQVHHGVDUHFRPSRVHGPDLQO\IURPILEHU
GH[WULQHVKHPLFHOOXORVHSHFWLQVXEVWDQFHVSHQWRVDQV>@,QVROXEOHFDUERK\GUDWHIUDFWLRQVRI\HOORZOXSLQVHHGVDUH
UHSUHVHQWHGPDLQO\E\DUDELQRVH[\ORVHJDODFWRVHJOXFRVHDQGXURQLFDFLGV>@7KXVDVLJQLILFDQWSDUWRIILEHUDQG
KHPLFHOOXORVHFRPSRXQGVRI'/05FRXOGEHVXEMHFWHGWRHQ]\PDWLFWUHDWPHQWZLWKDKLJKGHJUHHRIELRFRQYHUVLRQ
3.2. Biodegradation of '/05and ABE production 
7KHSUHOLPLQDU\DFLGWUHDWPHQWRI'/05ZDVSHUIRUPHGWRSUHSDUHWKHVXEVWUDWHIRUWKHVXEVHTXHQWHQ]\PDWLF
K\GURO\VLV%LRGHJUDGDWLRQRI'/05ZDVEDVHGRQDV\QHUJHWLFHIIHFWRIFHOOXODVHDQG[\ODQDVHZKLFKDIIHFWFHOOXORVH
[\ODQ DQG RWKHU KHPLFHOOXORVHV RI OXSLQ PHDO $GGLWLRQ RI ĮDP\ODVH LQFUHDVHG K\GURO\WLF HIILFLHQF\ RI WKH
FRPSRVLWLRQ7KHUHVXOWVDUHSUHVHQWHGLQ7DEOH
7DEOH3DUDPHWHUVRIVXEVWUDWHSUHWUHDWPHQWSURFHVVDQG$%(\LHOG
7\SHRIHQ]\PH 'RVDJH +\GURO\VLVWHPSHUDWXUHɋ
&DUERK\GUDWHFRQFHQWUDWLRQLQ
K\GURO\VDWHJ/ $%(\LHOGJ/

&HOOROX[$    
&HOOROX[)    
0XOWLHQ]\PH
FRPSRVLWLRQ    
&HOOROX[$    
&HOOROX[)    
0XOWLHQ]\PH
FRPSRVLWLRQ    

,QFDVHRIXVDJHRIWKHPXOWLHQ]\PHFRPSRVLWLRQFRPSRVHGRIFHOOXORVH[\ODQDVHDQGDP\ODVHZKLFKZDVDGGHG
WR WKH VXEVWUDWH LQDGRVHRIE\ZHLJKW WKH WRWDOFDUERK\GUDWHFRQFHQWUDWLRQ LQK\GURO\VDWHZDVLQFUHDVHG E\
DURXQGYHUVXV&HOOROX[$)WUHDWPHQWDQGLWUHDFKHGFRQFHQWUDWLRQRIJ/,QFDVHRILQFUHDVHRIWKHPXOWL
HQ]\PHFRPSOH[GRVDJHXSWRRIVXEVWUDWHZHLJKWWKHELRFRQYHUVLRQZDVLPSURYHGXSWRJ/$%(\LHOG
LQFUHDVHGLQDFFRUGDQFHZLWKWKHLQFUHDVHRIFDUERK\GUDWHFRQFHQWUDWLRQLQWKHUDQJHRIJ/WRJ/$%(7KXV
LQ WKHEHVWHPERGLPHQWDIWHUKRXUVRI LQRFXODWLRQRIC. BeijerinckiiRIK\GURO\]HGVXEVWUDWHZLWKFDUERK\GUDWH
FRQFHQWUDWLRQJ/$%(WRWDOFRQWHQWZDVJ/
86'HSDUWPHQWRI$JULFXOWXUHUHVHDUFKHUVKDYHSURSRVHGWKH$%(SURGXFWLRQWHFKQRORJ\IURPZKHDWVWUDZ7KH
$%(\LHOGZDVREVHUYHG>@+\GURO\VHG'/05KDVWKHFRQFHQWUDWLRQRIFDUERK\GUDWHVFRPSDUDEOHWRWKHGDWDRI
ZKHDWVWUDZDQGLWFRXOGEHUHJDUGHGDVDVXEVWUDWHIRUELRIXHOSURGXFWLRQWRRZLWKDKLJKHUHFRQRPLFDWWUDFWLYHQHVV
7KHHVWLPDWHGHFRQRPLFLPSDFWFDQEHDVVHVHGRQWKHEDVLVRIUDZPDWHULDOSULFHVWHFKQLFDOPDLQWHQDQFHFRVWVFDSLWDO
H[SHQGLWXUHVDQGVRIRUWKVHH7DEOH>@
7DEOH7RWDOSURGXFWLRQFRVW
&RVWV ¼NJ$%(IURPZKHDWVWUDZ ¼NJ$%(IURP'/05
5DZPDWHULDOV  
/DERU  
7HFKQLFDO0DLQWHQDQFH  
2WKHUV  
7D[HV  
&DSLWDOFKDUJH  
7RWDOJURVV  
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&RQFOXVLRQ
7KHH[SHULPHQWDOGDWDVKRZWKDW$%(V\QWKHVLVIURP'/05LQLQWHJUDWHGV\VWHPXVLQJFKHPLFDODQGHQ]\PDWLF
VXEVWUDWH SUHWUHDWPHQW KDV JRRG SRVVLELOLWLHV 7KH RIIHUHG PHWKRG SURYLGHV WKH PD[LPXP FRVWHIIHFWLYH XVH RI
UHVRXUFHVLQWKHSURFHVVLQJRISODQWUDZPDWHULDO7KXVLWLVSRVVLEOHWRXVHIRRGLQGXVWU\ZDVWHVZLWKDKLJKFRQWHQW
RIVWUXFWXUDOSRO\VDFFKDULGHV8VHRIWKHRSWLPL]HGHQ]\PHFRPSOH[DOORZVWRDFKLHYHDKLJKGHJUHHRIFRQYHUVLRQRI
SRO\VDFFKDULGHVRISODQWRULJLQLQWRPRQRVDFFKDULGHV
$FNQRZOHGJHPHQWV
7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\*RYHUQPHQWRI5XVVLDQ)HGHUDWLRQ*UDQW8
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